Introduction
As the demand on high data rates is increased, millimeter wave communication systems at 60 GHz such as, short-distance radar and wireless local-area networks (LANs) are getting a considerable attention. Furthermore, the availability of a large block of a nearly universal unlicensed spectrum in this frequency band is an obvious motivation [1] . High bandwidth translates into high throughput, easily supporting Gb/s data wireless communication data rates with low complexity. In addition, this frequency band enables compact and low-cost wireless millimeterwave communications front-ends. Beyond the systems operating in free space, there are other areas and complex environments, such as mine galleries, where telecommunications are still in a rudimentary state [2] . A greater use of sophisticated high technology would allow for increased security of minors with the possibility of radio localization and a growth in production [2] . According to recent studies [3] [4] [5] [6] , coplanar wave guide (CPW) has been suggested as an alternative to microstrip for microwave and millimeter wave circuits. With this kind of antennas, there is no need to use any via hole in microstrip feed line. In our previous work [4] , we have designed a new structure of CPW-fed slot antenna. The primary disadvantage of this structure is the surface wave leaky especially with high dielectric constant substrate. As a results, the gain and the efficiency of the antenna decrease. In this paper, a new design of millimeter wave antenna inductively feeding technique with high efficiency and low cross-polarization is proposed. The idea of this feeding technique is inspired from the work reported in [7] . However, this technique has been used only as a radiating element and not as a feeding coupling technique. Our proposed antenna is implemented on a high dielectric constant substrate (Er = 9.9), which is close to the dielectric constant of commercial GaAs and CMOS process [3] . To examine the antenna performance, numerical simulations were carried out, and the obtained results are presented and discussed in the following sections.
Antenna Design Fig. 1 shows the geometry of the proposed antenna. The antenna is composed of two substrates, which have a relative permittivity of £rl=2.2, £r2=9.9 and thickness h l =0.254 mm and h 2 =5.8mm, respectively. A radiating slot shape is placed on the top side of the substrate while the feeding slot and the coplanar line are arranged u.s. Government work not protected by U.S. copyright on the middle side. The CPW feed line is designed in order to achieve 50 Q input impedance for matching the characteristic impedance of the measurement system feed line. Dimensions of the CPW line are calculated using Lincalc software of Agilent and optimized by Momentum [8] . The parameters of geometric dimensions of the proposed antenna are listed in Table 1 . The resonant frequency of the antenna is primarily determined by La, but it can be shifted according to the antenna's length (L e ) variations. It has been shown that the equivalent antenna length of antenna La is given by:
where Ao is the wavelength in the free space at 60 GHz, and tr is the dielectric constant of the substrate. It is obvious that each parameter affects the behavior of the antenna because of the coupling phenomena between all parameters. It is found that the resonant frequency depends strongly on the center length L e • However, the length L s acts as a stub and affects considerably the impedance matching of antenna. In addition, this structure was designed to reduce the surface wave effect. As a result, it offers a good gain and efficiency.
Results and Discussions
The simulated return loss coefficient is shown in Fig. 2 . It can be noted that the bandwidth of 2 GHz for a -10 dB return loss level is observed around 60 GHz. The effect of the slot length L s on the behavior of antenna is shown in Fig. 3 . As L s changes from 0.6 mm to 1.4 mm, it is found that this length affects the impedance matching of the antenna. This is an important parameter to optimize the performance of the antenna in terms of matching. Fig.4 shows the gain and efficiency of the antenna. It can be shown that a gain of 6 dBi and efficiency of 90% are achieved around 60 GHz. From these curves, it can be concluded that this antenna is more efficient than the one previously reported [4] .
-. ... ---------------- The normalized far field radiation patterns of the antenna are presented in Fig. 5 . All the field values are normalized by ADS momentum. Both H-plane and Eplane radiation patterns are symmetric about the relevant axes and the front to back radio is about -15 dB. The maximum cross-polarization level achieved is50dB at H-plane and -60 dB at E-plane. This means that magnetic current distribution seems to be opposite in phase for the lateral sides (L m ) closer to the CPW line as illustrated in Fig. 1b . As a result the total electrical field generated in this section is canceled as illustrated in the cross-polarization graph. It can be concluded that this antenna allows a good linearity polarization.
Conclusion
A new concept of coplanar waveguide (CPW) exciting of mm-wave slot antenna has been presented. The antenna feeding is ensured by the coupling from the coplanar line to the slot radiating element via an inductively excitation located within the ground plane to which the coplanar line is connected. Simulated results show good performances in terms of bandwidth and gain at 60 GHz. Through the adjustment of different parameters of the exciting slots, good impedance matching is achieved. This kind of antenna can be integrated easily with other active devices. The designed antenna is suitable for wireless communication in underground mine.
